Introduction ! Despite the widespread use of different sources of fluoride, dental caries continues to be the single most prevalent and costly oral infectious disease worldwide [1] . Virulent biofilms that are strongly adherent to oral surfaces are a primary cause of infectious diseases in the mouth, including dental caries [2] , which is a dietary-and biofilm-dependent disease associated with the frequent consumption of fermentable carbohydrates and with the shift in biofilm microbiota induced by the pH fall [3] . Biofilms formed in vivo are comprised of mixed flora, which are notoriously difficult to eradicate. It is important to recognize that bacteria present in a mature biofilm behave quite differently from their planktonic counterparts [4] . The treatment for biofilm-dependent disease requires the reduction and/or elimination of bacterial accumulations in the retentive sites of the teeth by daily tooth brushing and frequent dental cleanings or prophylaxes [5] . However, many synthetic agents including chlorhexidine and cetyl pyridinium chloride, used widely in dentistry to inhibit bacterial growth, have been provoking antimicrobial resistance of oral microorganisms. Thus, the use of natural antimicrobial agents as an alternative therapy against oral pathogens has been widely investigated [6] [7] [8] [9] .
Among natural products that have demonstrated antibacterial properties, coffee is the most popular in terms of consumption [8, 10, 11] . This opens a promising avenue of applications, since it is relatively safe and has a taste and odor largely appreciated [12] . Among many existing coffee species, the two most commercialized are Coffea arabica and Coffea canephora, and in a recent study, Antonio et al. [7] reported that Coffea canephora extracts exerted better performance in relation to inhibition of biofilm formation by Streptococcus mutansa cariogenic bacterium, compared to Coffea arabica, since it is rich in polyphenols. In addition, the same authors [8] demonstrated in vitro that Coffea canephora beans also exerted influence on the deremineralization process of deciduous tooth fragments in the presence of an ex vivo mixed biofilm. Anila Namboodiripad and Kori [13] observed a reduction of teeth with decayed, missing and filled surfaces (DMFS) in a population with the habit of coffee consumption compared to others without the same custom. Besides all the evidence involving the antibacterial activity of coffee against Streptococcus mutans [7, 8, 11, [14] [15] [16] , studies clarifying the role of coffee on the microorganism reduction within the biofilm are still needed. In addition, in all parts of the world, coffee is largely consumed with sugar. However, there is no evidence that sweetened Abstract ! In the present study, the ex vivo antimicrobial effect of brewed coffee was tested on oral biofilms. For this, unsweetened and sweetened (10% sucrose) brewed light-roasted Coffea canephora at 20 % was used in biofilms formed by non-stimulated saliva from three volunteers. After 30 min contact with unsweetened and sweetened brews, the average microorganism count in the biofilms reduced by 15.2 % and 12.4 %, respectively, with no statistical difference among them. We also observed a drop of microorganisms in the biofilms after treatment with sucrose solution at 5% compared to control (saline) and to sucrose at 1 % and 3 %. In conclusion, Coffea canephora extract reduces the microbial count in oral biofilm, and our data suggest that sucrose concentration in coffee brew can influence its antimicrobial property against the referred biofilm. coffee extracts exert antibacterial activity. Therefore, the objective of this study was to determine if unsweetened and sweetened Coffea canephora extract effectively reduced the number of microorganisms in mixed ex vivo artificial biofilms. The null hypothesis was that Coffea canephora would not reduce the microbial count in the biofilm formed by oral microorganisms when compared to chlorhexidine gluconate, a potent antiplaque agent.
Material and Methods

!
Coffee extract and controls
Beans of Coffea canephora cv. Conillon were used (voucher: Brasil, Estado do Espírito Santo, Distrito de Cachoeiro de Itapemirim, Fazenda Experimental de Pacotuba, INCAPER, A. G. Antonio, s/n°-RFA 37 915). The beans were roasted in a commercial spouted bed roaster (I-Roast), operating at a max. temperature of 220°C, for 6 min, to produce a light roasting degree (SCAA). Then, they were ground in a laboratory-scale mill to pass through a 0.46mm sieve. Unsweetened and sweetened aqueous coffee extracts at 20 %: an aqueous unsweetened coffee extract at 20 % was obtained by a coffee brewing procedure, percolating 100 mL of pre-boiling (95°C) Milli-Q purified water (Millipore Corporation) through 20 g of ground roast coffee. The extracts were filtered through Whatman #1 qualitative filter paper (Whatman). The coffee sample and the roasting degree used in this study were selected based on a previous study [7] , in which it presented the best results among 36 coffee extracts regarding its antibacterial effect against Streptococcus mutans. The sweetened coffee extract was prepared just like the first extract and sweetened with 10 % sucrose. Controls: Chlorhexidine gluconate (UFRJ Pharmacy) at 0.05 % was used as a positive control, whereas Milli-Q purified water was used as a negative control. Milli-Q purified water with sucrose (Sigma-Aldrich) addition (10 %) was also used to treat the biofilm.
Characterization of phenolic compounds, caffeine, trigonelline, and sucrose of Coffea canephora extract
The contents of caffeic acid and chlorogenic acidscaffeoylquinic acids (3-, 4-, and 5-CQA); 3-, 4-, and 5-feruloylquinic acids (3-, 4-, and 5-FQA); 3-, 4-, and 5-coumaroylquinic acids (3-, 4-, and 5-CoQA); 3,4-, 3,5-and 4,5-dicaffeoylquinic acids (3,4-, 3,5-, and 4,5-diCQA), were determined by LC-DAD-ESI-MS and external synthesized standards, according to Farah et al. [17] . The contents of caffeine, trigonelline (Sigma-Aldrich), and sucrose were determined by LC-ESI-MS according to Perrone et al. [18] . Analyses were performed in triplicate.
Analyses of aluminum and fluoride contents of the Coffea canephora extract
For analysis of aluminium (Sigma-Aldrich), an aliquot of 3 mL from Coffea canephora extract at 20 % was sampled and centrifuged (3000 × g, 3 min, 4°C). The supernatant was treated with 250 µL of 65 % of HNO 3 . The solutions were analyzed by atomic absorption spectroscopy (Analyst 300; Perkin Elmer). The fluoride content in the coffee extract was measured using an ion specific electrode, according to Lima and Cury [19] . Analyses were performed in duplicate.
Volunteers and saliva samples collection
The study was approved by the Local Ethics Committee (IESC -UFRJ -Protocol number: 43/07). Young adult volunteers (n = 3) were recruited among graduated students attending the School of Dentistry and the School of Microbiology from a Federal University of Rio de Janeiro and gave their written informed consent to participate in the study. They were in good general and oral health, not making use of medication and had all natural teeth. Subjects were instructed not to consume food or beverages except for water during 1 hour before saliva collection. Moreover, none of them consumed coffee habitually. Non-stimulated saliva samples were collected after the volunteers spit into a graduated collection sterilized tube. Saliva produced in the first 30 seconds was discarded and then, it was collected for exactly 5 minutes [20] . During the collection period, the individuals remained comfortably seated in a ventilated and lighted room. Their mean DMFT (4.6) and mean whole saliva flow rate (0.83 mL/min) were registered. The saliva samples, stored in melting ice, were immediately transferred to the microbiology laboratory for biofilm assay.
Antimicrobial assays with artificial ex vivo biofilm
The coffee activity on microbial counts in biofilms was achieved by reproducing ex vivo biofilms with human saliva [4] . Twenty microliters of non-stimulated saliva collected from each of the healthy donors (n = 3) were placed on 0.22-mm membrane disks (diameter of 0.13 mm) (Millipore). Each membrane was placed over plates containing BHI-S (brain heart infusion medium, from Difco; supplemented with hemin, menadione from Inlab, and yeast extract, obtained from Oxoid). The system was incubated anaerobically for 48 h at 37°C. After biofilm growth, disks were collected and placed inside a glass flask, for 30 min, containing 2 mL of the following substances: (i) coffee aqueous extract (CE, 20 mg/mL); (ii) coffee aqueous extract (20 mg/mL) with sucrose at 10% (SCE); (iii) chlorhexidine (0.05%)positive control; (iv) Milli-Q water with sucrose at 10 %; and (iv) plain Milli-Q waternegative control. This procedure was performed in duplicate (l " Fig. 1) . Then, the disks were briefly washed in sterile saline to rinse out the added substances, and the biofilm was extracted by vortexing the disks in 1 mL of sterile saline during 2 minutes. To enumerate viable cells, serial dilutions (10 −1 to 10 −8 ) were performed, and 50 mL of each dilution were streaked out on BHI-S agar (short plate) in triplicate. Plates were incubated anaerobically for 48 h at 37°C and then, CFU/mL was counted. The activity of the coffee extracts on microbial biofilms was estimated by comparing the microbial population collected from the biofilms placed in the controls and the microbial population collected from the biofilms placed in coffee extracts.
Sucrose endpoint for mixed oral biofilm growth
Mixed biofilms were formed from human saliva in artificial membranes. The biofilm/membranes were transferred to test tubes (n = 7), which contained saline solution (control) and sucrose (1%, 3 %, 5%, 7%, 10%, and 20%). After the same treatment with the protocol described above for the antimicrobial assay with artificial biofilm, diluted samples (10 −1 to 10 −8 ) were inoculated onto a BHI-S agar plate and incubated anaerobically for 48 h at 37°C. The number of CFU was calculated. The experiment was performed in duplicate.
Statistical analysis
Data were analyzed using SPSS 17.0 Software (SPSS, Inc.). The normal distribution of the errors was checked with the Shapiro-Wilkʼs test for all response variables. The difference between the applied treatments was observed through the Kruskal-Wallis test followed by Mann Whitney for comparisons of substances twoby-two. Differences between means were considered significantly different when values were p < 0.05.
Results and Discussion
! Although fluoride remains the mainstay for the prevention of dental caries, additional approaches are required to enhance its effectiveness. Available antiplaque approaches are based on the use of broad-spectrum microbicidal agents, for example, chlorhexidine. Natural products offer a rich source of structurally diverse substances with a wide range of biological activities, which could be useful for the development of alternative or adjunctive anticaries therapies [1] . Coffee has demonstrated antibacterial properties against Streptococcus mutans [8, 11] , which is the main agent of dental caries [21] . However, these studies observed such activity against planktonic cells. Biofilms are much more resistant to antimicrobial agents than cells in suspension [22] . In this context, artificial biofilms from non-stimulated saliva were prepared and then exposed to coffee extracts. The contents of bioactive components of coffee extract such as phenolic compounds (chlorogenic acids and caffeic acid), sucrose, caffeine, and trigonelline are presented in l " Table 1 . A succession of studies have been performed exploring the antimicrobial properties of coffee on different microorganisms [7, 10, 11, 23, 24] , which can generate a significant improvement in managing several kinds of health disorders. The main compounds responsible for such activity in roasted coffee extracts are chlorogenic acids, caffeic acid, and caffeine. Other minor compounds described in the literature are trigonelline, α-dycarbonil compounds, and protocatechuic acid [7, 10, 11] . In the present study, the chemical analyses of the coffee extract showed a large amount of chlorogenic acids, the presence of trigonelline and caffeic acid, and also caffeine, which probably exert inhibitory activity against the ex vivo biofilm. Aluminum and fluoride contents in Coffea canephora extract at 20 % were 0.083 ± 0.080 µg/mL and 0.018 ± 0.000 µg/mL, respectively. Aluminum has previously demonstrated antimicrobial activity against cariogenic streptococci as well as the normal oral flora and periodontal pathogens by significantly reducing the ability of streptococci to colonize on enamel surfaces and decrease the colloidal stability of oral bacteria [25, 26] . According to Hayacibara et al. [27] , there is a wide variety of natural beverages available with aluminum contents. In the present study, despite the low concentration of this compound in the coffee extract, this mineral associated to the presence of antibacterial coffee compounds, such as chlorogenic acids, trigonelline, and to a certain extent caffeine [7] , could have exerted an effect on the reduction of the oral biofilm. In humans, mouth rinsing with aluminum solutions has shown to affect plaque accumulation and to alter the pathogenicity of the established plaque [28] . The evidence about the effect of fluoride on caries control is strongly supported by the literature [29, 30] . We know that fluoride does not interfere with the factors responsible for the disease such as the biofilm accumulation [31] . However, some authors still affirm that it also affects to some extent the biological activities of cariogenic streptococci, for example, the inhibition of glucan synthesis and acidogenicity [32] . Although the fluoride contents were lower than the limits needed (10 ppm) to affect bacterial metabolism [33] , it is possible that like with aluminum, low amounts of fluoride would enhance the activity of other coffee components. A reduction in biofilm microbial count was observed in the systems incubated with both extracts of Coffea canephora (SCE and CE), with no statistical difference among them (l " Fig. 2 ). All microbial counting results were compared to the negative and pos-itive controls. The positive control was the most effective agent against the microorganisms from biofilm, reducing their count by about 32.1 % (p < 0.05), whereas SCE and CE were able to reduce the CFU counts by 15.2 % and 12.4 %, respectively, with no difference among them (l " Table 2 ). A drop in biofilm microorganisms count was also observed after the treatment with Milli-Q water with sucrose at 10% (p < 0.05) when compared to the treatment with the negative control (l " Fig. 2 ). According to the literature [31, 34, 35] , the exposure to sugar can be considered a determinant factor in dental caries disease, especially if it occurs at a high frequency (e.g., more than 6 times/day). The difference between the results from the biofilm treatment with water and sweetened water, which demonstrated a drop of CFU counts from biofilm after treatment with the last one, is in contrast with our hypothesis according to which high levels of sucrose should have raised the ex vivo biofilm, since Vale et al. [36] affirmed that sucrose is able to significantly increase bacteria counts in dental biofilm.
In order to investigate the role of sucrose in the bacterium cell metabolism, we performed an additional experiment incubating membranes with the same mixed biofilm in sucrose solutions from 1 % to 20%. We observed that sucrose concentrations from 5 % up to 20 % were capable of reducing the number of bacteria colonies from biofilm compared to control (l " Fig. 3 ). According to Lemos et al. [37] , although the ability to survive for long periods of carbohydrate starvation is considered crucial for oral bacteria, sudden exposure to an excessive amount of sugar is also a major challenge for them. The rapid entry and degradation of sugars in cells can result in an accumulation of toxic levels of glycolytic intermediates, resulting in cell death. The authors believe that in the present in vitro conditions, the high levels of sucrose Fig. 2 In vitro microbial biofilm susceptibility assays for Coffea canephora aqueous extracts (with and without sucrose addition), chohrexidine at 0.05% -positive control, and Milli-Q water with sucrose at 10%. The percentage of viable microorganisms in the biofilm was estimated by comparing the CFU/mL of the biofilm placed in Milli-Q waternegative control (100% viable) and the CFU/mL from the biofilms placed in all other referred substances after 30 min of incubation. Note: In rows, means values followed by distinct letters differ among them at a significant level of 5 %, considering the results independently, with respect to the individual microbiological characteristics of the volunteers provoked the drop of bacteria osmotic tolerance. Recently, we [7] tested a green (unroasted) Coffea canephora extract against S. mutans and observed that it did not inhibit the bacteria growth. This was attributed to the high sucrose concentration in the green coffee, which promoted the growth of the bacteria. However, the authors affirmed that the sucrose concentration of the extract was lower than 5%. In this context, the results of the present work do not contradict the previous data, since we only observed the influence of sucrose on the reducing growth of bacteria when its concentration was from 5 % up to 20 %. The present results show that the Coffea canephora extract could reduce the microbial count in ex vivo oral biofilms by around 15 %.
Considering that coffee is a natural ingredient that may be obtained in large quantities and at low cost it may be highly beneficial as an anticariogenic ingredient, mainly because no difference was observed among coffee extract with and without sucrose. However, as much as we have tried to mimic a real situation, these results were obtained from preliminary screening in in vitro circumstances. In addition, it is important to emphasize that the amount of sugar added to coffee varies considerably according to peopleʼs habits, which could influence the coffee properties against the oral biofilm reduction. Thus, further ex vivo/in vivo studies should be performed with the aim of investigating the influence of the sweetened coffee extract against oral biofilm.
